The abnormalities of pulmonary arterial blood supply in mitral stenosis, consisting primarily of constriction of lower lobe vessels with resultant upper lobe preferential flow, was assessed by means of pulmonary angiography in 30 patients with mitral stenosis uncomplicated by other cardiac diseases. The abnormalities in blood flow correlated best with both the pulmonay artery pressure and the pulmonary arteriolar resistance, and only reasonably well with the area of the mitral valve and the pulmonary capillary wedge pressure. It is suggested that the reversal of the normal lower lung field preferential blood flow in mitral stenosis is primarily a function of pulmonary artery hypertension due to increased pulmonary arteriolar resistance.
SUMMARY
The abnormalities of pulmonary arterial blood supply in mitral stenosis, consisting primarily of constriction of lower lobe vessels with resultant upper lobe preferential flow, was assessed by means of pulmonary angiography in 30 patients with mitral stenosis uncomplicated by other cardiac diseases. The abnormalities in blood flow correlated best with both the pulmonay artery pressure and the pulmonary arteriolar resistance, and only reasonably well with the area of the mitral valve and the pulmonary capillary wedge pressure. It is suggested that the reversal of the normal lower lung field preferential blood flow in mitral stenosis is primarily a function of pulmonary artery hypertension due to increased pulmonary arteriolar resistance.
Similarly, the width of the right main pulmonary artery as measured on pulmonary angiograms correlated well with both the pulmonary artery pressure and pulmonary arteriolar resistance The pulmonary angiograms were grouped as to the degree of abl)ormal pulmOnIary arteirial bl)od flow on1 a scale of 1 to 4 ( fig. 1) . The angiographic stanidards were selected from this series witlh the exception of film 1 . 6 ). Six patients in groups 1 and 2 had pressures of less than 19 mm Hg while five patients had higher values. The differences between the two major groups is significant only at the P <0.05 level. It is apparent that although the patients with the most abnormal pulmonary flow patterns (group 4) had the higher wedge pressures, there was considerable overlap in the wedge pressures among patients in groups 2 and 3. 
Cardiac Index
The cardiac index was less than 2.3 L/min/ m2 in 18 patients in groups 3 and 4; the exception was one subject in group 3 with an index of 3.1 ( fig. 7) . Six patients in groups 1 and 2 had indices above 2.3 L/min/m2 and five had indices less than this value. Patients with the lesser degree of angiographic abnormality (groups 1 and 2) tend to have higher indices, but the difference is not striking (P < 0.05).
Evaluation of Pulmonary Artery Width
The width of the right main pulmonary artery was plotted against pulmonary artery mean pressure ( fig. 8 ) . The higher the pressure, the more dilated was the vessel although moderate scattering was present (r = 0.7; P < 0.001).
The width of the right main pulmonary artery, plotted against the pulmonary arteriolar resistance ( fig. 9) Figure 8 Right main pulmonary artery width plotted against pulmonary artery mean pressure. Width of right main pulmonary artery plotted against pulmonary arteriolar resistance. 
Evaluation of Age Distribution
The age distribution of patients with the more normal flow patterns (groups 1 and 2) and the more abnormal patterns (groups 3 and 4) did not differ significantly (P > 0.20). Similarly, there was no significant correlation between patient age and width of the right main pulmonary artery (P > 0.20).
Discussion
The pulmonary arterial blood flow in upright normal human subjects is known to be less in the upper lung fields than in the lower.4' Studies utilizing inspired radioacactive 150 showed the perfusion ratio of the uppermost parts of the lungs to be approximately one fifth that of the lowermost areas in upright normal subjects, and that these differences are likely to be a consequence of gravitational effects.6 Two other studies quantitated similar but somewhat less striking disparity in normal upright subjects with upper lobe flow being one half to one third of the lower lobe flow.5' However, in the absence of gravitational effects, as in normal supine subjects, the flow to upper and lower lung fields is equal.6 This is also seen in the pulmonary angiogram performed in the supine position in our patient without heart disease ( fig. 1) .
The normal pulmonary blood flow distribution is frequently altered as a consequence of mitral stenosis. Dollery and Hugh-Jones,8 using inhaled radioactive oxygen and carbon dioxide, noted reversal of the preferential flow pattern recording as much as a fivefold higher flow through the upper lung zones in patients with mitral stenosis. Similar results have been obtained in other studies.9 ' 10 It has been suggested that the degree of abnormal preferential upper lobe flow correlates with the degree of pulmonary artery hypertension in patients with mitral stenosis.8 9 Several angiographic studies in which the pulmonary vessels were assessed in both the arterial and venous filling phases showed this correlation.1' 11 However, the majority of the patients in one of these studies had associated aortic disease or mitral regurgitation.1' It became of interest, therefore, to correlate the pulmonary blood flow abnormalities with other hemodynamic measurements in addition to the pulmonary artery pressure in patients with pure mitral stenosis. Although the pulmonary angiograms could be easily separated into four groups in our study ( fig. 1) , it is apparent that the patients with normal flow patterns (group 1) and with minimal abnormalities (group 2) had similar hemodynamic data. Patients with the more abnormal angiograms (groups 3 and 4) likewise formed a common group in reference to their hemodynamic data. The more abnormal pulmonary blood flow patterns occured without exception in the patients with the higher pulmonary artery pressures and the correlation with pulmonary arteriolar resistance was nearly as high. The correlation of flow abnormality with mitral valve area was reasonable although less striking, whereas the correlation with wedge pressure and cardiac index is respectively less significant.
It is evident from this study that the abnormality in pulmonary blood flow relates best to both the pulmonary artery pressure and the pulmonary arteriolar resistance Jordan'9 in attempting to unify these hypotheses suggested that the elevation of pulmonary venous pressure in mitral stenosis causes thickening of the lower lobe alveolar membranes initially by edema transudate and eventually by fibrosis. This process, in turn, results in uneven ventilation and alveolar hypoxia producing reflex constriction of the small pulmonary arteries. The net effect is severe pulmonary artery hypertension out of proportion to the elevation of left atrial pressure. In view of this postulate, it is of interest that the patients in our study with more marked upper lobe pulmonary flow also had higher pulmonary artery pressures and higher pulmonary arteriolar resistances.
Lewis and co-workers12 graded the width of the pulmonary artery from the regular chest roentgenograms of 30 patients with mitral stenosis. Their data indicated minimal correlation with the pulmonary artery pressure and less correlation with pulmonary arteriolar resistance and mitral valve area. In our study, utilizing pulmonary angiograms where the right main pulmonary artery could be accurately measured, there was a reasonable correlation between the width of the artery and both the pulmonary artery pressure and the pulmonary arteriolar resistance, and less correlation with the area of the mitral valve. The implication is that the width of the pulmonary artery in mitral stenosis is a function primarily of the severity of the pulmonary arteriolar resistance as reflected in the pulmonary artery pressure and less a function of the area of the mitral valve.
